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ABSTRACT 

A lever and cam to produce constant stress was designed 
to be adapted to an existing tensile creep testing unit lo- 
cated at the U. S. Naval Postgraduate School. The lever and 
cam, when installed, produced a stress which varied plus or 
minus one percent during an extension of one inch in a 1.5- 
Inch gage section. 

The constant stress testing unit was then applied to 
creep testing a low carbon steel at 510°C, the results being 
compared with the results of tests made on the same material 
at the corresponding temperature under constant load. 

The work was done at the U. S. Naval Postgraduate School 
from January to May of 1959. 
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DIO T оп, 

Every dey brings greater demand for new and better 
materials to be used et high temperatures. Іп addition 
there 1s a growing demand for more complete Information 
about the behavior and expected performance of the metals 
and alloys already in use, In response, the fundamental 
study of creep and resistance to creep has been pursued 
by growing numbers of investigators and many theories have 
been offered to explain the mechanism by which creep occurs, 
to predict the behavior of materials, an3 to explain what í 
properties contribute to creep resistance. Most of the 


Ñ 


theories view creep as a thermal activation process. Strain, 
Е , and/or strain rate, e , are'presented ss some function 
of stress, , tempersture, 7 , time, ган and various con- 


1 
stants. (1) In general, then: 


EX Fae, + 

The application of any of these theories requires the 
use of the quantity, J, called stress. The concept of 
stress involves the assumption of a homogeneous, continuous, 
end isotropic material. Most of the ma terials do not sat- 
isfy this assumption but experience has shown that at normal 
temperatures. the solutions based on this assumption may be 
applied with very great accuracy provided the geometrical 
dimensions defining the form of e body of material sre 


large in comparison with the dimensions of the crystals 


nre in parenthesis refer to the bibliography. 





which actually make up the msterial. There işs no evi~ 
dence that the use of high temperatures decreases the accur- 
Bu of solutions based on the sassumotion of homogeneity, 
continuity,and isotropy. 

In tensile creep testing great care is taken to en- 
sure that no twisting or bending moment 19 imperted to the 
specimen,thst is to say,the los 18 паде to be uni»xis1. 


The stress,then,mey be found by the equation: 
О = Jg 
= А 


where; F=specimen loading force 
A=cross sectionsl sarea of specimen, 


To facilitaste the anslysis of any set of data it is 
necessery to eliminate the effect of each of the indepen- 
dent variables in turn. In the case of creep test data it 
would be necessary to eliminate , in turn, the effect of 
stress and temperature. Unfortunatly, in the conventional 
constant load technique for uniaxial tensile creep test- 
ing the sres decresses continually as deformation pro- 
g£resses , Since the specimen loeding force remains constant 
the stress continually incresaes as deformation progresses : 
Assuming the constancy of volume sand assuming a uniform 
change in cross-sectional srea in the gage section the 
stress will incresse in direct proportion to the elong- 


ation as shown below, 
VO vas, == Constant = A. to = Al 


AE A, lo 
x 





E EC uw 


AAA E = кой 
а А, А, Ko 
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For example, if 9» specimen undergoes an extension of 25 per 
cent the stress will be incressed by this same per cent. 
Analysis of creep test dats from constant load tests are 
thus limited to compsring behaviors at equivalent strains 
under identical initial load conditions. It is only under 
constent stress (which imolies a decreasing losding force) 
that a more useful analysis can be made over the whole 
range of creep straining. 

Several metho?s for aoproximatinzx constent stress 
have been presente? in the literature, About 1910 Andrede 
made use of a weight of specially designed shape parti- 
ally immersed іп ә 11quid.(2). Caffyn(2)described two 
types of units for constant stress both in tensile and 
compressive testing. These consisted of levers bent at a 
ninety degree angle and pivoted either at the bend or at one 
end, Welzhts were used to supply the loading force. The 
range end accuracy were not indicated but,it appesred that 
these systems were very 2ccusrete for small amounts of 
deformation. Ward end Marriott(3)described a unit nüesizn- 
ed primarily for use with plastics. The loading force was 
supplie? by weights suspended from a flexible strap or line, 
This flexible strep then passed over a cəm of desizned 
curvature such thet as the svecimen elongated the rotetion 


of the unit effectively decreased the lever arm ratio 





thereby decreasing the specimen loasa?1nz force, Csreful 
desizn of the cam maintained very nesrly constant stress 
for *lonzation up to 5C per cent. Fullma”, Carreker, and 
Fisher (4) described units which were also risht-angle 
levers but pivoted on knife-edges at some point along one 
lez of the bent lever, These units maintained the stress 
with no varietion more then 0.2 per cent for elongations 
up to 10 per cent. 

None of these desizns were suitable for adaption on 
tre units at the United States Naval Postgraduate School. 
The design of a contour cam or a right angle lever either 
required space in excess of thet available for adaption 
to the existing creep test stand or produced results over 
an unacceptably short range of elongation. A new spproach 
was undertaken which would provides for the displacement 
of tke point of weizht suspension along the lever. Only a 
slight modification of the existing lever would be re. 
quired and the system would be workable in the space avail- 
able. This was preceded by a detailed study of the exten- 
sion characteristics of the creep specimen in use. 

In summery, then,what ves required was to 7 


1. Determine the extension characteristics of the 
specimen in use. 


2. Design a system such thet as deformation pro- 
gressed tbe ratio F/A remained constant. 








2. Studies of svecimen characteristics 

The tensile creep beue mechines at the Unite? 
States Naval Posteralduste School were of the constant lev- 
ep erm ratio type. A beam having three knife edges was 
mounted on the stand on the center knife edge, The force 
supplied by weights suspended from the knife edge et the 
long lever end of the beam was transmitted to the specimen 
at the knife edze st the short lever end. With known weights 
and the known lever arm ratio the desired specimen loading 
force could be obtained. This force remained constant through- 
out the range of movement of the beam unless weightg were 
added or removed. 

Once the specimen hed been pleced іп T hizh tempers- 
ture beth and the test had been started there were only two 
indications available to the observer to show what was happen- 
ing to the specimen and to guide the changing of the loading 
force to give constant stress. These two indications were: 

l. A mechanical dial extensometer attached 
to the specimen through the pin holes. 
Беара. 

2, Movement of the lever arm itself. 

The type of specimen shown in Fig.l had been chosen аз the 
most desireable for high temperature study for several reasons. 
By use of a special jig 1t ws possible with ressoneble labor 
end expense to get very uniform and very nesrly identicel 


specimens, 
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FIG 1. TENSILE 
CREEP SPECIMEN 





The specimen had sufficient rigidity and designed clearen- 
ces to make it easy to install in the liquid bath for testing. 
Because weights providing a force in the true vertical 
were used as the means of loading it was necessary to study 
the movement of the lever arm as a change of angular position 
from the vertical or horizontal. The upper angle wag limit- 
ed by a lever arm stop wrile the lowest angular position was 
limite? by the lever arm striking the edge of the top of the 
support stand. Тһе anzles were calculated from date taken 
in the following manner, The distance from the mein support 
knife edge to a vertical scale was carefully measured with 
the lever arm in the horizontal position es indicated by a 
tubble level esttached parallel to the line through tre 
trree krife edges, (See "12, 2) Then the intersection of 
the vertical scale with the line contsining the knife edges 
маа recorded at the seme instant the ial extensometer 
attached to the specimen waa read during creep tests. The 
angular position,ex, of the lever arm for 4 given change 


in 2191 extensometer, A gaga, coul? be calculated by the 


eque tion: 


zu 
= Á ` — 
ex Lan 2, 


"here h is the distance 
along the verticel scale 
from the horizontal inter- 
section of the lin- 
throuzh the knife edzog, 


mE 
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distances: 
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FIG. 2 LINE D/AGRAM OF SETUP 


FOR DETERMING < 








Data for the calculstion of tre snzle,cé, was taken Juring 
creep straining of three specimens of low carbon steel at 
605907 sn3 four specimens of aluminum (2024-T5) at 485°C. 
Because of frecture of the specimens no date was obtained 
for values of A gage greater than 0.6 Y. The results 
of these tests are presented in Fiz. 3. At the starting 
position œ was found to be 10021', The lezginz of the 
Specimen gege reading increment, A sage, relative to the 
w le chanse in the early %(есез соц10 have been cus to: 


l. 51991іс Ceformation of the loading mechanism 
on initisl application of load. 


2. Some initial strain in the specimen between 
extensometer ping anû load pins. (The losding 
force wag transmitted to the svecimen through 
ateiniess steel pins in the loading pin boles; 
see Fic, 1, The bottom loañing pin» із hooked 
ina jig in the bottom of the bath. The upper 
loading pin 1s hooke? to a long stainless steel 
ro? which, in series with a universal joint, 8 
turnbuckle, end knife-edze block, tskes the 
force fron the specimen loading knife edge,) 

Because the point of attachment of the specimen was such a 
larze distance from the svecimen loading knife edge the 
force transmitted could be taken as acting in the vertical 
regardlese of the anzle X. (See Fiz, 4) This means that 
the elongation of the specimen coul? also be taken 29 movee 
ment in the vertical. For an 1%es1 specimen, that ів опе 
in which 811 4eformation occurs jn the uniform erea gage 
section arà is the extension indicated by the value of A 


дасе, the value of A gage would be a measure of the verti- 


cel ?21splecement of the svecimen loading knife edge, The 
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ideal relation between the values of /\ zage and the angle A 


would be ag follows: 


ЖА безе = 5% 6 Sin & 


For smell angles the relation woul? be linear and this is 
indicoted іп Fiz, 3 as (ск spprosches zero. In the absence 

of deta beyond the horizontal position of tbe lever arm 

the linear relstion in the vicinity of X equal zero Jezrees 

was extrapolated to the region of negative values of alpha. 

This tel, weg introducing s smell error. From Fig. 

3 the value of А десе for A= 0^ 43 0.573. Then for x = ~ 2° 


A E a A aaa E I S EG 


= = 
E — а 
Fiz. 5 gives a value of A gage for м = -'а% оР 1.305. 


Consiceration of the specimen design, with reference 
to Fig. 1, indiceted that there wes ап uncertainty in the 
indication of extension available to thes observer from the 
dial extensometer. The mechanical dial extensometer was 
actuated by the relative movement between two sets of stain- 
less steel rods. By meens of fixtures esch set of rods 
was festened to the specimen at one eng of the gage section 
with pins serving as locators to ensure the same pl>cement 


of the stainless гола on esch specimen or on successive 
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placements on the sama gpecimen in interrupte^? tests. For 
obvious reaaons TE extensometer pin holes coul^? not be 
Dlacec anywhere within the 1.5-inch сасе section where 
every effort hee been med» to ensure uniform cross-section- 
al arena, These pin holes had been placed st the extremi- 
ties of tha fillet radii ət a distence of 2.34 inches. 
Could all the extension inwicated by the dial safely be 
assumed to occur in the 1.5-inch сәсе section of uniform 
cross section? If not, wes the actual extension predict- 
able for each value of A gage? 

Sturies were underteken to answer these questions. 
Fine reference marks were carefully scribed at the center 
enc ends of the uniform area gaze section of standard 
epecimens. Tre distance between” these fine scribe marks 
was csrefully messured by means of a traveling microscope 
Eu usted to .COl centimeters or .00039 inches. In addition, 
tre distance between the extensometer vin holes was measured 
with the traveling microscope and the dimensions of the 
uniform seres section were measured with a micrometer to 
determine the cross-sectional seres, The specimens were 
then strained in a constant load tensile creep test with 
frequent interruptions for measurements. The distance 
between scribe merks was measured so as to give the length 
of the uniform sres section at each stage of the deformation. 
However, At wag necessary to comvensete for the fact that 


in spite of the greatest care it was not always possible to 
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place the scriba marks at the ende of the uniform area 
gection exactly 1.5 inches spart. The nessured distance 
between the marks at each stage of ceformation was divided 
by the distance between the same marks before any Jeforma- 
tion. This value was then multiplied by 1.5 to give the 
length of the uniform sree section at each stage of de- 
formation. The change in distance between extensometer 
vin holes gave the value of A gaze for each stage of the 
deformation. 

Four specimens of eluminum (2024-T3), two at 450°C, 
two at 485°C ane two specimens of recrystsllized low carbon 
ateel at 505°C were used. The results of these tests are 
preaented graphically ln Fig, 5. The response of sn ideal 
specimen, яа “efined before, is shown by the dashed straight 
line in Fiz. 5, The results indicsted that the svecimens 
used? deformed differently then an ideal specimen, However, 
these results indicated that the ectuel reformation and 
therefore the length, at any given value of A gage, was 
predicteble, at least to within plus or minus one percent. 
Also, this appeared to be a characteristic of the specimen 
deslzn and was infepencent of material and temperature 
within the limits tested, 

By assuming that the volume of the uniform erea section 
remsined constent Auring creep deformstion, the cross-sec- 
tlonel seres of the specimen covld he calculeted for any 


value of A zara from: 
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Since the specimen was manufactured so that L was always 
1.5 inches the ratio A/Ao could be found for any value of 
Á^ gage by dividing 1.5 by the corresponding value of 
from Fig. 5, These calculations were made and the results 
plotted as the curve in Fig. 6. The maximum extension 
achieved by a svecimen from which data for the curve came 
was .945 inches. It was necsssery to extravolste for 
values of Â gage greater than .945 inches. 

The cross-sectional ares was calculated from the dim- 
ensions st each interruption. After the deformation had 
progressed to some extent, it wes found that the cross 
section did not remain uniform throughout the gage section. 
The maximum snd minimum cross-sectional areas in the десе 
section were determined. These values of cross-sectional 
pres were reduced to a ratio A/Ao and were plotted in Fig. 
6. The specimens which no longer had uniform eres in the 
gage section produced a range of values of A/Ao for each 
stage of deformation. These ranges of A/Ao sre indicated 
in Fiz, 6 hy two values of A/Ao connected by a dashed line, 

The values of A/Ao for the actual messured arena 
followed the predicted curve quite well in the lower values 
of A gage but showed quite wide scatter and ranges above 
0.3 or 0.4 inches of extension. It wes certainly expected 
that variations would develop during creep deformation, 
particularly for those svecimens exhibiting ductile failures, 
It hed been hoped that such wide variations would not have 
developed so early in the deformation. There was not time 


to determine the effect of initial stress and temperature 
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on the magnitude of variation in area, 








5. Design of the constant stress system. 

The local necking indicated by the variation of the 
minimum cross-sectional area from that predicted by sssump- 
tion of constant volume, smounted to es much as one percent 
for A gage up to about 0,25 inches and increased rapidly 
thereafter to as much as 15 percent at A чесе of 1.0 
Inches. It might heave been questioned whether it was 
feasible or worthwhile to continue efforts to design a 
system for constant stress which did not take into account 
this area variation. Such e system would require either 
a continuous source of area messurement or an extreme amount 
of testing to determine the curve of A/Ap through the min- 
imum eres values. This minimum aree curve woulda certainly 
very with material end with tempereture and stress es well, 
The curve of A/A, es shown in Fiz, 5 acceptably predicted 

‘ 

the actual A/A, as determined by messurement for в A gaze 
up to 0.25 Inches ane gave a good average of the scatter 
above that point. Therefore, it was decided thet it would 
be worthwhile to attempt to follow this curve with the 
eeecimem loading force, F, ІТ this could be done then 
stress, constant to within one percent for the low values 
of delts gage, anda "best average" stress would be held 
constant for greater deformations. 

The leest complex and least expensive system that 
could be devised wrich seemed capsble of approaching the 
desired accuracy, within the given space allowances, was 


8 beering-mounted weizht suspension element with a cam for 
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positioning the point of contact along the lever arm. This 
allowed continued use of weights and lever arm advantage 
for supplying the specimen loading force but provided for 
changing both the lever erm ratio anc the force trensmitted 
to the lever arm by the weights ss means for sé'ustinz F 

to match A so that F/A would remain constsnt, 

An existing lever arm was modified to provide a track 
for the weight supporting bearings. (See Fiz. 7) This 
track for the weight support bearings was a machined and 
ground surfece slong the line through the two knife edges. 
This meant thet except for the rolling friction the bearinzs 
would transmit ea force to the lever arm perpendicular to 
the line of knife edges. The magnitude of the force would 
be a function of the angle of the lever orm from the hor- 
izontal, the weights used, the етсіе ОҒ the cam relative 
to the line of the knife edges, end the coefficients of 
friction involved. The use of precision bearings reduced 
Esucoerflolent of friction to .O01 to .0015.(5) This 
would cause an error of 0,39 percent or less (See Appendix 
I) in the stress produced; therefore, the friction was 
ignored in the following design calculations. 

The weizht suspension element consisted of a weight 
suspension bearing block which is shown in Fig. 8, and a 
bearing shaft, two weight pivot bearings, two cam bearings, 
and four lever arm contact besrings, shown in Fig. 9. 
One=inch diameter bearinszs were selected for the cam bear- 


ings end lever arm contact bearings. This suspension of 
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, 


the welghts ensured thet the weights would hens directly 
under the suspension element sxerting в vertical force on 
the beerins shaft. Fiz, 10 snd Fig. 11 show the complete 
assembly. 

1% was now possible to procesa with the desizn of the 
cem to vosition the weight along the lever arm. “hen the 
lever arm was above the horizontal, thet is, near the start- 
ing position, the situs tion would be as shown in Fig, 12, 
iim vertical force, W, of the weights could be resolven 
into components pervenficular to the bearing track and along 
mae treck, as illustrated in Fic. 15. The component atone 
the track must be resisted by the reaction of the can. 

КИС» the coefficient of friction is so smell, the ran 
of the cam on the cam bearing send bearing shaft is taken 

ss perpendicular to the tangent to the cam curve and passes 
throuzh the center of the bearings and shaft. This react- 
lon may be resolved into components along and perpendicular 
to the bearing track of the lever., (See Fig. 14) The com- 
ponent of the cam reaction along the track must be equal to 


w sinx. Since 


ros = tam /5 (See Fig, 14) 
then 
TE- < b 


That is, the component of the reaction of the cam perpen- 


dicular to the bearing track would be equal to: 
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The totsl force trensmitted to the lever arm through the 
bearings at the point of contact would be: 


force = WClos& + W Sind 
tan 7 





= үу (соз ~ т (35) 
tan £2 


Define x as the distance of the point of beering contact 
on the lever from the main support, or pivot, knife edge, 
The moment, M, about the pivot knife edge of the total 
resultant force would then be: 


Sr oc 
s 24 7 | T 


а эу 26 





The specimen los3ing force, Y, ecting through its lever 
arm would have to resist with e moment of equal magnitude. 
The specimen loading knife edge is at a fixed distance of 
3.5 inches from the main support knife edge. However, 28 
Pointed out before, the force, F, could be {акеп as acting 
vertically for all positions of the lever arm. This meant 
thet the resisting moment of the specimen loading force 


would vary with F and with X, 


F 35.6 Cos Xx | (3) 


moment == ) 


гама па the moments, equations (2) and (3) 


3L Cosa = WX [cos + эзе) 
F ( Ы ы 








or 
Б. WX fj ‚ Fann 
we сла 
This force, F, is the force which must be made to vary 
according to the change in cross-sectional area durinz 
creep deformation. The variables available for forcing 
F to the desired value are x and/O . At X equal to zero 


degrees equation (4) reduces to: 
E. ww X 
D E E 





assuming thet 6+ O° whan 2 = p°, 
It was anticipated that a distance of 29 inches for x at 
alpha equal to zero Зедреев would plece the cam in an 
acceptable position along the lever, This was established 
as the initial design position of the point of contact for 
alpha equal to zero. Some such selection was necessary to 
establish a starting point for calculations. This select. 


lon established: 


F а М а 
X = o 3. 6 (5) 


Then, for constant stress, at some other value of alphe 


Pazo Е A xo 


By consolidation of data, Fig. 3 ang Fig. 6, it was possible 
to obtain a plot of the ratio A/A, versus the angle alpha, 


which is presented in Fig. 15. Since 


Hx ^ «ra, 


e 





. i | 
М eee ры — on 


г 


PLOT OFF 


OLLWY 





then 


CO o (Pasoja I (7) 


en?, substitutinz from equations (4) an2 (5) 


wy (7) 4 tans ) _ GA.) 





2.% Lan = (8 
м/ aA А х= р \ 
ZU S x C У 


From Fig, 15, Aavo/Ao7 ,7^1. Equation (8) then reduces 


ко: 








+ e S TN “А ў 29 
E en = (УА, 714) 


end 


(A/a,) 34.13 


' pa e ) 4 = ODA a ( 9) 


> 
E e TA 5 


For positions of the lever arm below the horizontal, equate 
fon (9) ја valid if alpha is reed as a negative acute snzle. 
(See Appendix II) Assuming a value of alvhe reduces the 
variables in equation (9) to two and x becomes a function 
of beta, By sssuming a number of values of beta, corres- 


ponding values of x were obtsined. For example: 





a e >т jv A/A. — 0765 
E 
NA OMM, _. A 
— које pu u 
G Маа. Dos. m 
Tan E er 
then: forf = 45 x = 26,23 inches 
for A= 46 х = 29,26 inches 
tor B= АД х = 2920 inches 
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By repeating this for different values of alpha throughout 
the possible range of values for alpha, sets of x distances 
and corresponding tangent angles, /, were calculated. For 
any given value of the вп21е, ОС, there were sn infinite 
number of values of x with corresponding values of beta 
which would result іп the correct moment in the lever arm, 
ШЫ шег, there were conditions which limited tne selection 
of the values and determined the desired solution, These 
were: 

1. The cam curve must be smooth end continuous. 


2. The cam curve must provide for the correct change 
in x as aloha changes. 


3. The cam curve must assure that the value of x at 
elphe equal to zero is the designed value. 


The chenze of x, dx, with a change in alpha, Aa, is а 
function of x,&, and (З. To determine an approximately 
correct value of x for tha next value of alpha to be con- 
sidered the approximate relation 

rg XE 

# дуу /® 
which may be obtained from the geometry of the situation, 
was used. Knowledge of an approximate value of x for the 
next value of alpha to be considered avoided making an 
unnecessarily larze number of calculations from equstion (С) 
for each value of alpha to be considered. 
The desired solution was obtained by a graphical 

method of tangent curve plotting. A number of small lineal 
elements, each representing s value of x and its corres- 


ponding angle beta, were laid out for many values of alpha 
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throughout the possible range of angles. The plotting 
method is shown schemsticelly in Fig. 16. A reference 
point representing the pivot knife edge wag established, 
the values of x were laid out full scale, and by allowing 
for the one-inch diameter bearings, the lineal elements 
representing a value of x with its corresponding value of 
angle beta were drawn in their true position relative to 
the pivot knife edge. The known starting point was at 
alpha equal to zero where the value of x had been selected, 
Althouzh bets 1s ИЯ at alpha equal to zero, it 
was actually possible to use this ag the starting point 
for the cam curve. This starting point is represented by 
the point P in Pig. 16. То arrive at the lineal elements 
for the next value of alpha at the correct distance x and 
the correct slope, or angle bets, the cem curve must follow 
very closely to the segment PB. То arrive at the correct 
linesl element for the next higher value of alphs the cam 
curve must follow very closely the segment BC, send by 
proceeding on to other values of alpha the entire cam , 
curve wes built up both above and below the horizontal 
position of the lever arn. 

It is to be noted thet se transition occurs st alpha 
equal to zero degrees. For positions of the lever arm 
above the horizontal the contact with the cam is mede on 
the upper helf of the bearing. As alpha сова through Zero 
the component of W along the lever arm bearing track re.- 


verses direction. This means that the point of contsct 
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between the cam and cam bearing is on the lower half of the 
cam bearing for negative angles of alpha. Іп effect, there 
are two cams, one for positive values of alpha and another 
for negative values of alpha. There is a small difference 
In the values of beta near the indeterminate region at alpha 
equal to zero for these two cams. The resulting cam curves 
are shown full scale in Fig. 17 (inside beck cover). Be- 
cause of a bracing bar in the lever arm it was necessary to 
break away from the indicated curve at about minus 12 de- 
grees for alpha, and from there on down the cam serves no 
purpose other than as a retainer guide forthe weight sus- 
pension element. 

Precision bearings, Boston Nice, radial ball hearings 
single row solid race type, No. 1616 DC were selected for 
both the cam bearings and for the lever arm contact bearings. 
This allowed a one-half-inch diameter shaft which was man- 
Mee vured Trom drill rod. 

Machining away material from the lever arm to provide 
the bearing track had greatly reduced the beam strength of 
the lever arm. It was necessary to reinforce this part of 
the lever arm in the manner indicated in Fig. 7. Тһе beam 
strength wag calculated for the new configuration to deter- 
mine the maximum weight load which should be used, The 
results indicated that no more than 200 poundseweight load 
should be used, This was considered adequate. 

A support frame to hold the cam plates in position 


was designed and built as shown in Figures 10 and ll. The 


Do 





use of slotted bolt holes allowed for some adjustment of 
the position of the cam plates within the support frame, 
The support members making the support frame rigid to the 
creep unit stand allowed for about two inches of fore and 


aft edjustment of the entire support frame end cam plates. 
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4. Performance of designed constant stress system. 

The equipment was assembled and tested to determine 
the effective lever arm ratio for the starting position. 
The sane starting position for successive tests was achiev- 
ed by bringing the lever arm firm against the upper lever 
arm stop by means of a turnbuckle in the specimen mounting 
set up. A Baldwin SR-4 load cell, type U, with a Baldwin 
Lima Hamilton, type M, SR-4 strain indicator were used to 
glve the value of F. The load cell and the strain indicator 
had a linear response of 4.0 micro inches per inch per 
pound. with all lost motion taken out of the specimen 
mounting set up, to the best judgement of the operator, 
the weight load was gradually applied by lowering a hy- 
draulic jack which had been supporting the weights. Any 
lost motion which had not been taken out by the turnbuckle 
and any elastic deformation as the load was applied would 
allow some small movement of the lever arm from the starting 
position thereby decreasing the lever arm ratio. It was 
desirable to know what the effective lever arm ratio at 
starting position would be in order to know how much weight 
to use to achieve some desired stress. The results of the 
tests to determine the effective lever arm ratio at the 
starting position were as indicated in Fig. 18. Fairly wide 
scattering of the data points resulted from these tests. 
This scatter was believed due mostly to the inability of 
the operator to achieve the same initial tens 12A in the 


turnbuckle on successive teste. This means that it may be 


5 














difficult to achieve a particular desired stress. However, 
whatever initial stress is achieved will be held constant. 

Two tensile creep tests were run solely for the purpose 
of checking to what extent the system would keep the stress 
constant during the deformation of a specimen.  Recrystallized 
low carbon steel was used at a temperature of 6059C. Very 
frequent readings of the dial extensometer and load cell 
strain indicator were taken. From these values the ratio 


F/Fg could be determined. The ratio A/A, was picked off of 


Fig. 6. Then: 
s LE, 
Ба een г 
To 2 


The values of 2. were plotted versus the Д gage values 
(Fig. 19). The results indicated that the stress was held to 
within one percent up to /\ gage of 0.75 inches and within 
two percent up to the maximum deformation of approximately 
1.0 inches. 

An unforseen obstruction of the weight suspension element 
at about minus nine degrees for alpha had led to ES 
being set up with the Y%,-,- slightly greater than was believed 
to be the designed value. After the first test the cam 
plates and support frame were moved a little closer to the 
creep unit stand just to observe the effect of the change 
in x, .. The surprisingly good results at x,..- 29.8 inches 
and the apparent worsening of results as Y,., was shortened 
led to a careful review of the calculations which had gone 
into the cam design. It was discovered that a value of .725 


for A/A, at alpha equal to zero had been used. This value 
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goes into equation (8) and when divided into X,-, produces 
the constant in the formula for x, equation (9). The value 
used for this constant had been 40.02. This means the actual 
Xozp designed for was (40.02)(.741) or 29.6 inches. As 
this was the only place in the design calculations the value 
of (A/Ag),., had been used the only effect of the error was 
to shift the designed value of x for alpha equal to zero. 

The cam plates and support frame were adjusted back to 


the position such that x4.,- 29.8 inches for the subsequent 


metallurgical testing because this position gave best results. 
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2. The application of the constant stress system to creep 
tegting: 


The design and construction of a constant stress lever 
arm was prompted by some results recently obtained by 
Goldberg (6) st the U. 3. Naval Postgraduate School in 
which low carbon steel was creep tested under constant loed 
conditions. Hardness tests at room temperature were made 
on fractured creep specimens, measurements being taken 
along the сасе section. These results are reproduced, 
schematically, in Fig. 20. The significant feature is that 
the fracture hardness was independent of the initial state 
(recrystallized, 15-percent cold worked, and50-percent 
cold worked) and creep test temperature and dependent only 
on the initial stress. This was somewhat surprising as 
fracture strains at the different test temperatures and for 
different 1nitisl specimen conditions for a given initiel 
stress varled considerably, resulting in corresponding 
differences in fracture stress, 

Hardness messurements on interrupted constant load 

ыл e showed that the hardness leveled off at about 15 to 
25 percent elongation, depending on the temperature and 
Initial state of the material. This suggested that either 
the initial stress or the stress reached in this elongation 
renze was the stress primarily responsible for the final 
hardness, 

Jt was decided to compare the reported data for an 


initial stress of 30,000 psi with that of a constant stress 
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of 30,000 psi an? a constant stress of 36,000 psi, the 
latter corresponding to s nominal 20 percent elonzation 
in the constent load test. 

The same material was used for both studies, namely 
а 5C-percent cold worked low carbon steel of the following 
composition: (Analysis by Keiser Steel Company) 


Slement C Mn P 5 D Cu Ni er 
Parcent 06024 .010 .05 „01 ОВ 202 sol 


Element V Mo So Al b'e 
Percent 2050500005. 2.035 4.012 Balance 


Two other constant stress tests were run, one at 
3C,0CC psi and one at 35,700 psi, and comparison between 
the basic creep curves for constant load and constant stress 
is presented in Fig. 21. 

Interrupted constant stress creep tests were made for 
both 3C,0CO psi end 36,500 psi whereby the tests were fre- 
quently interrupted for room temperature hardness messure- 
ments. These results are presented in Fig. 22 together 
with the reported data for the constant load test at 50,000 


psi of the same material. 
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6. Interpretation of creep results. 

The relative displacement ofthe basic creep curves, 
shwon in Fig. 21, is as may be expected; namely, the larger 
Instantaneous creep stress leeds to more rapid creep rates. 
Thus, for corresponding strains, the creep rate is lowest for 
the 50,С00 psi constant stress curve, throughout the entire 
strain range, except for the last instant before fracture, 
which із generally associated with severe necking. A con- 
parison between the 50,00€ ps1 constant loed and the 35,7C0 
psi constant stress curves shows a reversal in relative 
creep rates at about 10 percent elongation. By plotting 
the difference in time required to resch e given value of 

N gage sgainst A gage, as shown in Fig, 23, this re- 
versal in relative creep rates between the 30,CCO psi con- 
stant losd and the 55,700 psi constent stress curves wes 
found to be at a A gage of .16 inches. From Fig. 6 it 
was calculated thst s value of /\ gage of .322 correspon‘s 
to the point at which the instantaneous stress of the con- 
stant loed test became equal to the 35,700 psi stress of 
the constant stress test. This means that at a smaller 
instantaneous stress the constant load specimen had e strain 
rate equel to or greater than that of the specimen at а 
constant stress of 35,700 psi, which indicates that the 
constant load specimen had a smaller resistance to creep 
at thet strain. 

The interrupted creep test hardness dsta for he diff- 


erent stress conditions, as srown in Fig, 22, appesr to 


17 











fell within a normal scatter band which levels off at 

about 15 to 20 percent extension. However, the values for 
the 36,500 psi test are consistently higher and level off 
at a higher value, Thus, the strain softening for a cold- 
worked material would appear to be dependent on the initial 
stress and the amount of deformation. This is consistent 
With the basic creep data for it indicates that more strain 
softening at the same deformation occurred in the constant 
load specimen where the initial stress was 30,000 psi than 
occurred in the 35,700 psi constant stress specimen. This 
greater softening allowed the strain rate to become greater 
for the constant load specimen even though the stress at 
thet point was still smaller than the constant stress 
specimen. 

Admittedly, the conclusions drawn ere based on some- 
what meager dats. "Experiments involving a change of stress 
from a constant stress curve to a value corresponding to a 
stress for the same deformation on a constant load curve 
with the seme initial stress (or visa versa) should prove 
to be criticel tests. For example, with reference to Fig. 
21, if the stress were suddenly changed from point "A" to 
point "B", then the new strain rate should correspond to 


the instantaneous value et "B" on the constant load curve. 
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T. Conclusions snd recommendations. 

A creep unit adaption was designed and built which 
gave a stress constant to within plus or minus one percent 
over a range of 66 percent extension. 

The system represents s very economical snd space 
saving method of producing stress of acceptably small varl- 
ations. The early and wide variation of the minimum сговв- 
etica area from thet predicted by assumption of constant 
volume makes greater accuracy virtually impossible for any 
system which does not include some sort of continuous 
measuring of cross-sectional агер during testing. 

Some difficulty in exactly achieving a particular 
stress was experienced due to the slight variation with 
load of the effective lever arm ratio in the starting 
position. It is recommended that some type of load cell 
always be used in order that the exact stress produced may 
be known. 

It appears that the strain softening for а given 
material and temperature denends only on the initial stress 
and amount. of deformation. Further critical tests have 


been recommended to verify this conclusion. 
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APPENDIX І 
An estimate of the effect of bearing friction. 
For rolling action the situetion is, in exaggerated 


Norm: 





Е г созбе-Р г p ir C where r = radius, 
and 
ir = pir tan > 
The term г tan@ is conventionally called the coefficient 
emetriction fy м 
nen: 


f. = Y tan > 


Taking the most conservative value of f as ¿0015 and the 


radius equal to 0.5 incheg 
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If there were no rolling friction: 


a Sin (248). 
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Note that LR 1s not perpendlculer to the lever erm 11 
rolling friction is considered. The moment of LR about 


the pivot knife edge would be: 


moment = 4K X «es C 


However, as shown ,„ cos = l, therefore, no further error 
18 introduced by congi7derinz 

moment = LK we 
and the maximum error due to rolling friction will be 


about 0.38 percent. 





APPENDIX 10 
Solution for lever below the horizontal 
With the lever arm in a position below the horizontal 


the forces on the bearings and bearing shaft will be: 





AA 


W resolves into W sin&x along the track and Ч сов о per- 
pendicular to the track. As before, the cam reaction along 
the bearing track must be W sin ol . Therefore, the com- 


ponent of cam reaction perpendicular to the bearing track 
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Therefore: 


Lever Reaction, LA = \л/ {соз « - пах) 


“hich is the same as for positions of the lever above the 
horizontal except for he negative sign of the cam term. 
Therefore, equation (1) da valid for lever positions below 
the horizontal lf , messured as indicated above , 1s 


read es e negative angle, 
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